All transfections were done using 1.5ug/ul of Lipofectamine 2000, following standard methods. Cell lysates were obtained between 1 to 14 weeks after transfection. Western blot analysis was performed to evaluate phi C31 integrase mediated CEP290 protein expression. To evaluate chitosan nanoparticale mediated transfer, Chitosan-pDNA and chitosan/hyaluronic acid-pDNA nanoparticles were prepared using a NH3:PO4 ratio of 15:1. Particles were produced using either pGFPattB, pCEP290attB with or without pCMV.Int at a molecular ratio of 2:1. These nanoparticles were used for pDNA encapsulation and transfection studies on cultured HEK293T cells. Co-transfection with pCMVINT was done by delivering the two plasmids in the same particle or separately. Transgene expression was evaluated by fl uorescence microscopy and western blot analysis. Results: Western blot analysis showed robust protein expression in both the lysate of co-tranfected cells (pCEP290.eGFP.attb with pCMV.Int) and those without integrase up to 2 weeks. At week 4, expression was limited to co-transfected cells, compared to those without integrase, which returned to background levels. Protein expression was detected up to 14 weeks following initial co-transfection. Chitosan mediated transfer demonstrated that both types of particles encapsulated pDNA effi ciently, even when two plasmids were complexed simultaneously. Transfection studies indicate that transfection effi ciency and transgene expression is affected by polymer size and type of polyplex used. Transgene expression decreased over time, however GFP expression was detected 14 weeks after transfection. Over-expression of the large transgene CEP290 following delivery by chitosan polyplexes was detected at least 14 days post transfection. Conclusions: Integrase mediated gene transfer of pCEP290.eGFP.attb to HEK 293 cells demonstrates the ability for stable protein expression for up to 14 weeks. We have also shown that long-term transgene expression can be achieved with a non-viral approach using hybrid polymer polyplexes, as well as its ability to deliver large genes. Both methods demonstrate their effi ciency in non-viral mediated gene transfer to cultured cells. Future studies in animal models are being pursued.
Introduction Transfection is generally less effective in primary cells, compared to cell lines, and considerable research has focused on improving transfection effi ciency in such clinically-relevant cells. Pharmacological inhibition of specifi c kinases has been shown to increase transfection effi ciency [1] and here we use small interfering RNA (siRNA) in combination polymeric complexes containing both siRNA and plasmid DNA (pDNA). This study fi rst evaluates the effectiveness of combination complexes made using polyethylenimine modifi ed with linoleic acid (PEI-LA; [2] ), compared to individual siRNA and pDNA complexes. We also report the use of combination complexes for an siRNA library screen to identify target kinases using green fl uorescent protein (GFP) as a reporter gene. Methods Complexes were made by adding PEI-LA to a saline solution of siRNA and pDNA. Binding to PEI-LA was measured using gel electrophoresis, while uptake was measured with fl ow cytomtery using Cy-labeled pDNA and FAM-labeled siRNA. siRNA and pDNA function was evaluated in cord blood cells. For the screen, cord blood cells were transfected in triplicate in 96-well plates with combination complexes containing GFP and an siRNA from the kinase library. Transfection was normalized against controls transfected with GFP pDNA and non-silencing siRNA. Kinase groups with a z-score above 2.0 were considered potential hits. Results & Discussion Complete binding of siRNA and pDNA to PEI-LA was achieved at a polymer to pDNA weight ratio below 1:1, similar to binding with pDNA alone [2] . Both nucleic acids were functional in the combination complexes: cells were transfected with GFP, and the fl uorescence signal decreased when siRNA against GFP was contained in the complex. The siRNA was better functional when delivered as combination complexes, as evident by the larger decrease in GFP expression. There were no difference in uptake between combination and individual complexes, with more than 80% and 90% of cells containing pDNA and siRNA respectively. From the screen, 18 potential hits were identifi ed and are currently being validated for their ability to increase transfection effi ciency. References 
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Introduction Both viral [1] and non-viral [2] systems show a decrease in transduction or transfection effi ciency during storage at room temperature. The stability of such gene delivery complexes under physiological conditions is an important factor for in vivo transfection, but is not frequently investigated. Here we demonstrate that transfection effi ciency of polymeric complexes changes when exposed to the body temperature, and provide a simple method to prevent this decrease. Methods Polyethylenimine was modifi ed with either linoleic acid (PEI-LA) or caprylic acid (PEI-CA) [3] . Complexes were made in saline by mixing polymer with plasmid DNA, coding for BMP-2 (in vitro) or red fl uorescent protein DsRed (in vivo), for 30 minutes at room temperature. Complexes were left uncoated in saline or coated with 0.1% gelatin, and incubated at 37 °C for 0 or 24 hours prior to use. Complexes for in vitro studies were added to 293T cells, and media was collected for BMP-2 ELISA assay. Complexes for in vivo studies were loaded onto absorbable gelatin sponges for subcutaneous implantation in rats. Sponges were harvested after 1, 3, or 7 days and DsRed expression was measured with a fl at bed fl uorescent scanner. Results & Discussion Freshly prepared (0 hour) PEI-LA and PEI-CA complexes showed high BMP-2 secretion from transfected cells. After a 24 hour incubation at 37 °C, however, transfection with uncoated (saline) complexes decreased by 90%. Gelatin-coated PEI-LA and PEI-CA complexes showed little or no change in BMP-2 secretion after a 24 hour incubation compared to fresh complexes. Similar results were shown in vivo using DsRed plasmid. Unlike BMP-2, DsRed is not secreted and will remain in the cells that have invaded the sponge and become transfected. Sponges containing uncoated (saline) PEI-LA complexes gave signifi cant (p<0.05) DsRed expression only 3 days after implantation, while gelatin-coated PEI-LA complexes led to signifi cant (p<0.01) expression 3 and 7 days after implantation. These studies demonstrate that polymeric complexes rapidly lose the ability to transfect cells, and that employing a gelatin coating can slow or prevent the deactivation. The time between complex implantation and transfection of host cells is long enough to give a signifi cant decrease in transfection effi ciency, but the gelatin coating is also effective in an animal model and allows for stronger and more sustained gene expression in vivo. References (1) Nonviral vectors are safer than viral vectors, easy to prepare and purify, capable of carrying large cargos, and highly fl exible for structural and functional modifi cations. Polyplexes, complexed nucleic acids with cationic polymers via attractive electrostatic interactions, are the most widely investigated form of nonviral vectors, due to easy and effi cient preparation. However, nucleic acid complexation by cationic polymers has not been studied as intensively as design and synthesis of cationic polymers, and a considerable level of inconsistency in preparing this simple form of nonviral vectors exists. During the seemingly simple mixing of nucleic acids with cationic polymers, a number of factors (e.g., molecular weight and structure of cationic polymer, size of nucleic acids, ionic strength in mixture, mixing kinetics, concentration of nucleic acids and cationic polymers, and incubation time) play crucial roles. In this study we report that a sequence of mixing nucleic acids and cationic polymers greatly affect complexation kinetics and determine the key characteristics of the resulting polyplexes, hence, transfection effi ciency. Both plasmid DNA (5 kbp; double stranded; circular) and siRNA (23 bps; single stranded; linear) were mixed with polyethylenimine (PEI), the most commonly used cationic polymer to complex nucleic acids, in two opposite sequences: gradually adding PEI to nucleic acids vs. gradually adding nucleic acids to PEI. Resulting polyplexes were closely characterized by dynamic light scattering (DLS), ethidium bromide exclusion assay, gel electrophoresis, atomic force microscopy (AFM), and transmission electron microscopy (TEM). In addition, cell viability, transfection effi ciency, and gene silencing effi ciency were also correlated with the characteristics of the polyplexes. It was found that gradual addition of PEI to nucleic acid-containing solution resulted in fewer but larger polyplexes, compared with those prepared in the reverse sequence. This fi nding suggests that at initial mixing period where nucleic acids were in excess, PEI condensed multiple copies of nucleic acids into a single polyplex. Further addition of PEI resulted in stabilization of polyplexes. The polyplexes prepared by gradually adding PEI to a nucleic acid-containing solution transfected cells more effi ciently than those prepared in a reverse manner. This study underscores that not only lumped processes but also initial complexation kinetics needs to be carefully considered for optimal preparation of polyplexes. Intracellular processes, including endosomal escape and intracellular release, are effi ciency-determining steps in achieving successful gene delivery. It has been found that the presence of acid-labile units in polymers can facilitate endosomal escape and that the presence of reducible units in polymers can lead to intracellular release. In this study, poly(amido amine)s with both bioreducible and acid-labile properties were synthesized to improve gene delivery compared with single-responsive carriers. Transfection and cytotoxicity were evaluated in three cell lines. The complexes of DNA with dual-responsive polymers showed higher gene transfection effi ciency than single-responsive polymers and polyethylenimine. At the same time, these polymers were tens of times less cytotoxic than polyethylenimine. Therefore, a polymer that is both reducible and acid-labile is a promising material for effi cient and biocompatible gene delivery.
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